The activities of several mRNA processing factors are coupled to transcription through binding to RNA polymerase II (Pol II). The largest subunit of Pol II contains a repetitive carboxy-terminal domain (CTD) that becomes highly phosphorylated during transcription. mRNA-capping enzyme binds only to phosphorylated CTD, whereas other processing factors may bind to both phosphorylated and unphosphorylated forms. Capping occurs soon after transcription initiation and before other processing events, raising the question of whether capping components remain associated with the transcription complex after they have modified the 5 end of the mRNA. Chromatin immunoprecipitation in Saccharomyces cerevisiae shows that capping enzyme cross-links to promoters but not coding regions. In contrast, the mRNA cap methyltransferase and the Hrp1/CFIB polyadenylation factor cross-link to both promoter and coding regions. Remarkably, the phosphorylation pattern of the CTD changes during transcription. Ser 5 phosphorylation is detected primarily at promoter regions dependent on TFIIH. In contrast, Ser 2 phosphorylation is seen only in coding regions. These results suggest a dynamic association of mRNA processing factors with differently modified forms of the polymerase throughout the transcription cycle. Eukaryotic mRNAs undergo 5Ј end capping, splicing of introns, and polyadenylation. Targeting of capping enzyme and other RNA processing factors is through binding to the carboxy-terminal domain (CTD) of the RNA polymerase II (Pol II) largest subunit McCracken et al. 1997a,b; Yue et al. 1997; Hirose and Manley 1998; Pillutla et al. 1998; Hirose et al. 1999) . Capping is the earliest modification, occurring when the transcript is 20 to 40 nucleotides long (Jove and Manley 1984; Rasmussen and Lis 1993) . Phosphorylation of the CTD occurs soon after initiation and is necessary for capping enzyme recruitment. Other RNA-processing factors bind to both phosphorylated and unphosphorylated CTD and act much later during transcription. This raises the question of whether capping enzyme and other processing factors are simultaneously associated with RNA pol II throughout transcription or instead interact transiently at different stages. In vivo cross-linking is used here to show that capping enzyme is recruited to promoter regions dependent on TFIIH kinase activity, but does not remain associated with elongating polymerase. In contrast, the mRNA cap methyltransferase Abd1 and the polyadenylation factor CFIB/Hrp1 cross-link throughout transcribed regions. Surprisingly, Ser 5 phosphorylation of the CTD also localizes to promoters, suggesting dephosphorylation not long after escape into elongation phase. Ser 2 phosphorylation of the CTD shows a complementary pattern, with no cross-linking at the promoter and higher levels near the 3Ј end of the gene. These results suggest a dynamic association of RNA processing factors with differently modified forms of the polymerase throughout the transcription cycle.
Eukaryotic mRNAs undergo 5Ј end capping, splicing of introns, and polyadenylation. Targeting of capping enzyme and other RNA processing factors is through binding to the carboxy-terminal domain (CTD) of the RNA polymerase II (Pol II) largest subunit McCracken et al. 1997a,b; Yue et al. 1997; Hirose and Manley 1998; Pillutla et al. 1998; Hirose et al. 1999) . Capping is the earliest modification, occurring when the transcript is 20 to 40 nucleotides long (Jove and Manley 1984; Rasmussen and Lis 1993) . Phosphorylation of the CTD occurs soon after initiation and is necessary for capping enzyme recruitment. Other RNA-processing factors bind to both phosphorylated and unphosphorylated CTD and act much later during transcription. This raises the question of whether capping enzyme and other processing factors are simultaneously associated with RNA pol II throughout transcription or instead interact transiently at different stages. In vivo cross-linking is used here to show that capping enzyme is recruited to promoter regions dependent on TFIIH kinase activity, but does not remain associated with elongating polymerase. In contrast, the mRNA cap methyltransferase Abd1 and the polyadenylation factor CFIB/Hrp1 cross-link throughout transcribed regions. Surprisingly, Ser 5 phosphorylation of the CTD also localizes to promoters, suggesting dephosphorylation not long after escape into elongation phase. Ser 2 phosphorylation of the CTD shows a complementary pattern, with no cross-linking at the promoter and higher levels near the 3Ј end of the gene. These results suggest a dynamic association of RNA processing factors with differently modified forms of the polymerase throughout the transcription cycle.
Results

Experimental design
To determine the in vivo distribution of capping enzyme relative to RNA polymerase along transcribed genes we used the chromatin IP method in which proteins are cross-linked in vivo to DNA using formaldehyde. Yeast cells are then lysed and the chromatin is isolated and sheared. The presence of individual proteins near specific DNA sequences is monitored by immunoprecipitating (IP) with the appropriate antibody, reversal of the cross-links, and PCR analysis of the coprecipitated DNA (Orlando et al. 1997; Orlando 2000) .
Genes were chosen for study using several criteria:
they are strongly and constitutively transcribed, the coding sequences are relatively long (to allow clear resolution of promoter-bound and elongating transcription complexes), and they do not obviously overlap neighboring genes. PMA1 encodes cytoplasmic H + -ATPase, PDR5 encodes a membrane protein identified as a multidrug resistance factor, ADH1 encodes alcohol dehydrogenase, PYK1 encodes pyruvate kinase, ACT1 encodes actin, and RPS5 encodes a ribosomal protein. Their estimated transcriptional rates are 80, 30 126, 101, 45, and 143 mRNAs per hour, respectively (Holstege et al. 1998) . Several primer pairs were designed for each gene: one to amplify promoter regions and one or more further downstream within the coding sequences. Intergenic regions on chromosomes V or VII devoid of ORFs were used as controls for nontranscribed DNA. For each protein monitored, a single IP reaction was performed and the resulting DNA was used as template for the entire set of PCR reactions within each experiment.
Differential association of mRNA processing factors during transcription
In Saccharomyces cerevisiae, the capping machinery consists of three polypeptides. Cet1 (capping enzyme triphosphatase) and Ceg1 (capping enzyme guanylyltransferase) form a complex referred to as capping enzyme. The third protein, Abd1, is an mRNA guanine-N7-methyltransferase that purifies independently of capping enzyme (for review, see Mizumoto and Kaziro 1987; Shuman 1995) . In the chromatin IP assay, Cet1 and Ceg1 show strong cross-linking to the promoter regions of both PMA1 and PDR5. In contrast, little cross-linking is seen in the coding regions of these genes ( Figs. 1 and 2 ). PhosphorImager quantitation indicates at least a 10-fold difference. Also, no cross-linking of capping enzyme was observed at a Pol III-transcribed promoter (data not shown). The cross-linking pattern of capping enzyme closely resembles that of transcription initiation factors TFIIE, TFIIB, TBP, and Kin28 (Figs. 1 and 2; see below). In contrast, an epitope-tagged Rpb3 subunit of RNA Pol II cross-links evenly in both the promoter and distal regions of the coding sequence (Figs. 1-4 ). This suggests that the capping enzyme does not remain associated with the elongating polymerase.
Additional intermediate primer pairs were used to increase the resolution of the analysis (Fig. 2) . The reduction in capping enzyme cross-linking is seen with all primer pairs outside of the promoter region, even as close as 200 nucleotides downstream of the PMA1 or ADH1 promoters ( Figs. 2 and 3 ; data not shown). Because the average length of chromatin fragments generated by our method is roughly 300 bp, we cannot determine more precisely when capping enzyme dissociates from Pol II. However, it is clear that dissociation occurs not long after the polymerase leaves the promoter.
We also tested the distribution of the mRNA guanine-N7-methyltransferase Abd1, which is not associated with the Ceg1/Cet1 complex but acts on the mRNA immediately after capping enzyme. The cross-linking pattern of Abd1 is somewhat different from that of Cet1 and Ceg1. Although Abd1 is enriched at the promoter region, cross-linking above background is clearly seen in the coding sequences of most genes (Fig. 2) . To rule out that the differential cross-linking of Abd1 and Ceg1 was due to differences in the specific antibodies, this result was confirmed using strains containing epitope-tagged Abd1 or Ceg1 proteins recognized by the same monoclonal antibody (Fig. 3) . Therefore, the mRNA methyltransferase appears to dissociate from the elongating polymerase at later times than the capping enzyme.
The mRNA polyadenylation machinery also appears to be targeted to RNA Pol II through the CTD (McCracken et al. 1997b; Hirose et al. 1999 ). We attempted Cross-linked and sheared chromatin was immunoprecipitated with the indicated antibodies. After reversal of cross-linking and purification of the DNA, PCR was used to test for the presence of promoter or coding sequences (CDS) from the indicated genes. Each PCR reaction contained a second primer pair that amplifies a region of chromosome VII devoid of ORFs, thus providing an internal background control (indicated by *). Input (bottom) shows the signal from the chromatin before immunoprecipitation. HA-Rpb3 is an epitope-tagged subunit of RNA Pol II, Ceg1 is the guanylyltransferase subunit of capping enzyme, and TFIIE was immunoprecipitated with a polyclonal antibody directed against the small subunit Tfa2. Primer pairs are as described in Materials and Methods. The numbers immediately below each lane are quantitated PCR signals in arbitrary units after normalization for amplification efficiency and subtraction of background.
to assay several polyadenylation factors (Rna15, Fip1, Cft1, Brr5, Pta1, and Pap1; antibodies provided by C. Moore, Tufts University, Boston, MA) by chromatin IP, but only obtained a signal for Hrp1. Hrp1 is an RNAbinding protein that was identified as cleavage factor IB in yeast (Kessler et al. 1997; Chen and Hyman 1998; Minvielle-Sebastia et al. 1998 ) and has also been implicated in mRNA turnover (Gonzalez et al. 2000) . Hrp1 cross-links to promoter regions, but also throughout the coding sequences (Fig. 4) . In fact, PhosphorImager quantitation indicates that Hrp1 cross-links approximately twofold better to coding sequences than to the promoter, suggesting that Hrp1 and perhaps other processing factors can load onto transcribing RNA Pol II even after escape into elongation.
We tested whether intact RNA was required for the cross-linking signal of Hrp1 as well as mRNA capping enzyme and methyltransferase. Extensive treatment of the cross-linked chromatin with RNase A did not appreciably diminish the signal (data not shown). It seems unlikely that all of these RNA-processing factors are in close contact with the DNA. It is more likely that the formaldehyde creates a network of protein-protein as well as protein-DNA cross-links. One cannot draw any conclusions about the lack of signal for the other polyadenylation factors, as this result could indicate that the factors are not present in the elongation complex, not in a position to be cross-linked to DNA, or that the antibodies do not precipitate under these conditions. Because we previously observed biochemical and genetic interactions between the polyadenylation factor Pta1 and the phosphorylated CTD (Rodriguez et al. 2000) , we constructed HA-epitope-tagged Pta1 and Hrp1 strains. We then used a monoclonal antibody against the epitope tag for chromatin IPs. Under conditions that gave crosslinking of HA-Hrp1, we still did not observe cross-linking of HA-Pta1 (data not shown), suggesting that the lack of Pta1 signal is not simply due to technical problems with the polyclonal antibody.
Different phosphorylated forms of RNA Pol II during transcription
Because capping enzyme was associated only with promoter regions whereas other RNA-processing factors (Abd1 and Hrp1) cross-linked to both promoters and coding regions, it was important to monitor the status of the RNA polymerase itself. Using an antibody against an epitope-tagged Rpb3 subunit, roughly equal cross-linking of polymerase was seen to both promoters and coding regions, but not to a nontranscribed intergenic region (Figs. 1-4) . A similar result was obtained using the monoclonal antibody 8WG16 (Thompson et al. 1989) , which recognizes unphosphorylated CTD repeats (even if the CTD is partially phosphorylated) within the Rpb1 subunit (see below). Therefore, polymerase is present at both promoters and coding regions.
The CTD repeat sequence YSPTSPS is thought to be phosphorylated at several positions in vivo, predominantly at serines 2 and 5 (Patturajan et al. 1998 , and references therein). In vitro, capping enzyme binds to phosphorylated GST-CTD and is recruited to an RNA Pol II initiation complex only upon CTD phosphorylation McCracken et al. 1997a; Yue et al. 1997) . Although there are probably multiple CTD kinases in vivo, genetic interactions between CEG1 and the TFIIH subunit KIN28 suggest that Kin28 is the kinase responsible for capping enzyme recruitment (Rodriguez et al. 2000) . Kin28 phosphorylates Ser 5 ) and mutations at this position, but not Ser 2, show genetic interactions with CEG1 (Rodriguez et al. 2000) . Also, mammalian capping enzyme will bind in vitro to CTD peptides phosphorylated at either Ser 2 or Ser 5, but guanylyltransferase activity is only stimulated by the Ser 5 phosphopeptide (Ho and Shuman 1999) .
To determine the phosphorylation state of the CTD, chromatin IPs were performed with the monoclonal antibodies H5 and H14, which recognize CTD repeats phosphorylated at Ser 2 and Ser 5, respectively (Bregman et al. 1995; Patturajan et al. 1998 ). The H14 epitope was strongly cross-linked to promoter regions but not coding regions, exactly paralleling the distribution of capping enzyme (Figs. 5 and 6 ). Therefore, Ser 5 of the CTD becomes phosphorylated at or near the promoter. However, by the time polymerase has elongated to 200 nucleotides downstream of the promoter, the Ser 5 phosphate is either removed or the CTD is further modified in a way that blocks the H14 epitope (Fig. 5) .
Capping enzyme association with promoters was assayed in a strain carrying a Kin28 mutant (T17D) with reduced levels of kinase activity (Rodriguez et al. 2000; M. Keogh and S. Buratowski, unpubl.) . Cross-linking of capping enzyme and CTD-Ser 5 phosphorylation were markedly reduced, providing strong in vivo evidence that Kin28 activity is essential for CTD phosphorylation and recruitment of capping enzyme to promoters (Fig. 6) . We previously observed that total cellular levels of Ceg1 pro- tein but not mRNA were reduced in the Kin28 (T17D) mutant strain and believe that this reflects preferential degradation of excess guanylyltransferase not bound to polymerase (Rodriguez et al. 2000) . RNA polymerase and TFIIE were still present at the promoter, demonstrating that the effect on capping enzyme was not indirectly attributable to loss of initiation complexes. Surprisingly, Pol II (as assayed by 8WG16) is not reduced at either promoters or coding sequences, suggesting that Kin28-mediated phosphorylation of the CTD is not essential for escape into elongation in vivo. This agrees well with many in vitro studies that find no transcriptional requirement for CTD phosphorylation (Serizawa et al. 1993; Makela et al. 1995; Tirode et al. 1999 and references therein). However, it is important to note that the complete absence of the Kin28 subunit (as opposed to lack of catalytic activity) is likely to have a much more severe effect on transcription.
In vivo cross-linking of polymerase to mRNA suggests that the phosphorylated form Pol IIo is the major species associated with nascent transcripts, although some unphosphorylated Pol IIa is also observed (Cadena and Dahmus 1987) . Staining of Drosophila polytene chromosomes with antibodies against different forms of Pol II Figure 5 . Phosphorylation of CTD Ser 5 is localized to promoters. Chromatin IP/PCR was performed with monoclonal H14, an antibody that specifically recognizes Ser 5 phosphorylation of the CTD heptamer repeat (Bregman et al. 1995; Patturajan et al. 1998) . Primer pairs for promoter or coding sequences (CDS) of the indicated genes were used. In addition, PCR reactions contained a primer pair recognizing an Intergenic region of chromosome V as an internal negative control. . The TFIIH kinase Kin28 is required for CTD Ser 5 phosphorylation and capping enzyme recruitment to promoters in vivo. Chromatin IP/PCR reactions were carried out with wild-type and Kin28 mutant yeast strains. Kin28 is the catalytic kinase subunit of basal transcription factor TFIIH. The Kin28 (T17D) allele produces a stable protein with dramatically reduced kinase activity (M. Keogh and S. Buratowski, unpubl.). Immunoprecipitating antibodies are indicated to the left of the autoradiographs. The CTD signal is with monoclonal 8WG16, which recognizes the unphosphorylated CTD, whereas CTD phosphorylated at Ser 5 (CTD-S5-P) is recognized by the monoclonal H14. TFIIE was monitored using a polyclonal antiserum against the small subunit Tfa2.
shows that some bands contain Pol IIo, whereas others have Pol IIa or a mixture of the two (Weeks et al. 1993 ). Therefore, it was surprising that Ser 5 phosphorylation localized to promoters. We also tested for the presence of Ser 2 phosphorylation using the monoclonal antibody H5 (Fig. 7) . Remarkably, phosphorylation of Ser 2 shows a pattern opposite to that of Ser 5. The H5 epitope was not seen at promoters, but was cross-linked to coding regions. On the Pma1 gene, the Ser 2 phosphorylation signal appeared to increase toward the 3Ј end of the gene, suggesting that this phosphorylation occurs during elongation or that pol II phosphorylated at Ser 2 is more likely to reach the end of the gene. Although it is difficult to compare quantitatively different antibodies in this assay, the signal with H5 was generally lower than that seen with other antibodies. However, the location of the Ser 2 phosphorylation clearly differed from that of Ser 5.
Discussion
In summary, earlier studies combined with our chromatin IP results lead to the following model (Fig. 8) . Unphosphorylated RNA Pol II assembles within the initiation complex at the promoter. At this stage, the CTD may interact with factors important for regulation of transcription initiation. The CTD is then phosphorylated at Ser 5 by the TFIIH kinase subunit. This may dissociate initiation-specific factors (Svejstrup et al. 1997 ) and acts as a signal for binding of capping enzyme and perhaps other RNA-processing factors. In vitro, CTD phosphorylation by TFIIH is neither dependent on ) nor required for (Serizawa et al. 1993; Makela et al. 1995; Tirode et al. 1999 and references therein) transcription initiation. However, it is likely that these two events are somehow coordinated in vivo. Surprisingly, after escape into elongation (no later than 200 nucleotides) the CTD is dephosphorylated at Ser 5 or further modified in such a way that capping enzyme dissociates. The mRNA cap methyltransferase apparently dissociates at a slower rate, whereas at least one polyadenylation factor (Hrp1) remains associated with the elongation complex. As elongation proceeds, the level of CTD phosphorylation at Ser 2 is increased by an as yet unidentified kinase, and this could act as a recognition site for factors involved in elongation, termination, or mRNA 3Ј-end processing. Although capping enzyme absolutely requires CTD phosphorylation for binding, several splicing and polyadenylation factors can bind both phosphorylated and unphosphorylated forms of the CTD in vitro (Neugebauer and Roth 1997; Hirose and Manley 2000) . This flexibility may allow these factors to recognize multiple forms of phosphorylated CTD or remain associated even after CTD dephosphorylation. Furthermore, both splicing and polyadenylation factors will recognize the appropriate sequences within the nascent mRNA, which is likely to contribute to association with the elongation complex at later times.
Earlier models proposed a two-step transcription cycle in which unphosphorylated polymerase assembled at the promoter and phosphorylated Pol IIo carried out transcription elongation (Dahmus 1994) . We have discovered that phosphorylation patterns and association of RNAprocessing factors are dynamic during elongation. Our results suggest a more complex CTD cycle in which different modified forms predominate at different stages of transcription. We find that polymerase phosphorylated at Ser 5 (Pol II-S5P) is localized to promoters, whereas Ser 2 phosphorylation (Pol II-S2P) occurs primarily during transcription elongation or termination. Obviously, it will now be essential to identify all the relevant kinases and phosphatases of the transcription cycle, as well as which modified forms of the CTD are recognized by various mRNA processing, elongation, and termination factors.
It is also pertinent to note that cytological studies have identified a population of phosphorylated Pol II and processing factors in interchromatin nuclear bodies that are not sites of transcription (Bregman et al. 1995; Gall et al. 1999; Matera 1999 and references therein). It has been proposed that these may be important for assembly or recycling of multisubunit complexes involved in gene expression. Interestingly, the H5 and H14-reactive polymerases also localize to discrete locations within these bodies (Gall et al. 1999) , hinting that this phase of the polymerase cycle may also include different modified forms.
Other known CTD modifications include phosphory- Figure 7 . Ser 2 phosphorylation of the CTD is localized to coding regions of the gene. Chromatin IP/PCR reactions were carried out using the indicated antibodies. The presence of the CTD is probed with monoclonal antibody 8WG16, the phosphorylated Ser 5 (CTD-S5-P) is recognized by monoclonal H14, and the phosphorylated Ser 2 (CTD-S2-P) is recognized by monoclonal H5. Primer pairs are as in previous figures. Asterisks in B designate the product from the Intergenic primer pair (chromosome VII), which was used as an internal negative control in this experiment.
lation at tyrosine, glycosylation, and perhaps isomerization of prolines (Dahmus 1994; Morris et al. 1999; Wu et al. 2000) . It will be very interesting to determine when the other CTD modifications occur, which enzymes are responsible for adding and removing modifications, and whether they act to regulate transcription initiation, elongation, or RNA processing.
Materials and methods
Yeast strains used in this study: HA-Ceg1: MATa; ura3-52; leu2-2,112; his3⌬200; ; 112; 15; kin28⌬::LEU2; . YSB592: MAT␣; 112; 15; kin28⌬::LEU2; . Z780: MATa; ura3-52; leu2-3,112; his3⌬200; rpb3-(HA 3 )::LEU2. YMK16␣: MAT␣; ura3-1; leu2-3,112; trp1-1; his3-11,15; ade2-1; can1-100; fcp1⌬:LEU2; [pMK86 = FCP1, URA3, CEN/ARS]. Chromatin IPs were performed essentially as described in Kuras and Struhl (1999) . Briefly, all yeast strains were grown to OD 600 ∼0.6 in synthetic complete medium supplemented with 2% glucose. Formaldehyde was added to a final concentration of 1% for 20 min. Cross-linking was quenched by addition of glycine to 240 mM. Cells were collected by centrifugation, washed in 1× TBS, and lysed with glass beads in FA lysis buffer (50 mM HEPES-KOH at pH 7.5, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% Na deoxycholate, 0.1% SDS, 1 mM PMSF). Chromatin was sheared by sonication, therefore the average fragment size was between 200 and 700 bp (as determined by agarose gel electrophoresis). Sheared chromatin was stored in aliquots at −70°C.
Rabbit polyclonal antiserum recognizing Ceg1, Cet1, Abd1, Tfa2 (the small subunit of yeast TFIIE), and TBP were generated using standard methods by S. Buratowski, L. Fresco, T. Takagi, and N. Kuldell (Harvard Medical School, Boston, MA). AntiHrp1 serum was the gift of C. Moore (Tufts University, Boston, MA). Anti-Kin28 polyclonal serum and monoclonal antibodies H14 and H5 were purchased from Covance. For IPs, all antibodies except H14 and H5 were preincubated with protein A-Sepharose CL-4B beads (Amersham/Pharmacia) and washed once with FA lysis buffer. Chromatin solution was then added and reactions incubated for 90 min at room temperature. For the H5 immunoprecipitation, anti-mouse IgM antibodies coupled to agarose beads (Sigma) were bound to the H5 antibody and incubated with chromatin overnight at 4°C. For H14 IPs, protein A-Sepharose CL-4B beads were precoated with anti-IgM/IgG (Sigma), and together with H14 antibody were added directly to the chromatin solution before the 90-min incubation step. Immunoprecipitated chromatin was subsequently washed under stringent conditions, and subjected to protease treatment and reversal of cross-links as described (Kuras and Struhl 1999) . A single preparation of immunoprecipitated DNA was used as template for all the PCR reactions within a given panel.
Conditions for PCR reactions were as follows: 0.25 µM each primer, 0.1 mM each dNTP, 1× PCR buffer (no Mg 2+ ; GIBCO BRL), 1.5 mM MgCl 2 , 0.5 units Platinum Taq polymerase (GIBCO BRL), 0.06 mCi/ml [␣-32 P]dATP in 10-µL reaction volume. PCR cycle was once 90 sec at 94°C, followed by 25 cycles of 30 sec at 94°C, 30 sec at 55°C, and 1 min at 72°C, and then once 10 min at 72°C. PCR products were resolved in 8% polyacrylamide-1× TBE gels. For the Input controls, 0.005% of the amount of chromatin (decross-linked as above) used in the IPs was added as template to the PCR reaction. Where noted, PCR signals were quantitated by PhosphorImager (Fujix BAS 2040) scanning and normalization to the input DNA reaction and the internal Intergenic control primer pair (to correct for PCR efficiency and background signal). Error due to variability in multiple reactions was found to be approximately ±10% of the signal.
Primers used in this study are designated by the name of the gene followed by the position of its 5Ј end relative to the translation initiation codon: ADH1 −235 : TTCCTTCCTTCATTCAC GCACACT; ADH1 
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Note added in proof
We recently performed similar experiments using a new lot of monoclonal antibody H14 from Covance. The signal for serine 5 phosphorylation is still much stronger (5-10-fold) at promoters relative to coding regions. However, this batch of antibody detects a very low level of H14 epitope in coding regions that is not seen in intergenic regions. Although this result does not significantly change our conclusions, it may suggest a small fraction of CTD repeats remain phosphorylated at serine 5 during elongation or that a few polymerases escape dephosphorylation altogether.
